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CONCRETE FOUNDATIONS 

EVERY building should rest upon a good foundation, and for a number 
of reasons, such a foundation should be in the form of a continuous 
wall rather than of small piers spaced at intervals, because the wall 
prevents the entrance of rat- and mice, and makes the support given to 
the structure equally firm at all points. 

Many advantages result from using concrete for building foundations. 
There are no cracks nor crevices in which vermin or filth may lodge, 
no repointing or similar repairs necessary as common with masonry con- 
struction, and concrete foundations may be built by ordinary laborers 
under the supervision of some one who knows and enforces the principles 
good concrete w.»rk. Mosl of the necessary materials may be found 
on the farm or near where the work is to be done. 
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Figure 1. Concrete foundation for small building such as mi e ht be used for milkhouse Such 
a foundation is rat-proof, rot-proof and expense-proof. 

Carrying rapacity is the quality most desirable in any foundation. 
As well-made concrete has greal compressive strength, which is the ability 
rrj loads placed directly upon it. it is not surprising thai concrete 
has uun its present deserved popularity for foundation construction, almost 
to the exclusion of all other materials. It is especially strong, durable, 
moderate in cost, easily mixed and placed, and can be adapted to irregular 
excavations which, i filled by masonry construction, would require 



skilled laborers or would make the work difficult or unnecessarily expen- 
sive, without in the end providing the stability and durability that would 
From using concrete. Whether the building to be supported is large 
or small, concrete will meet all foundation requirements. 

In addition to being strong enough to carry the load of the building 
that is to be placed upon it, a foundation should be watertight especially 
if it is to enclose a basement or cellar; and uratertightness may more readilv 
be Obtained with concrete than with any kind of masonry. 

Watertightness is secured by proportioning materials so that voids 
or a.r spaces, will be filled, and then by m» mixing and placing the concrete 

that greatest possible density will result. Finally, the concrete must be 
protect,-,! alter placed Xo prevfi|fc \oo nflu>i;dr;'ijiu j»ut .. . -•;••• 
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Soil conditions differ in various locations, so thai it is tiol possible to 
give definite instructions for some details of foundation work which uill 

fit all conditions. However, certain suggestions ma\ be offered thai will 
apply under average conditions. 

Frosl may penetrate the ground from %] _. to 6 feel or more in some 
latitudes, so foundations should he started below possible frosl penetration. 
Therefore, even though there is nol to be m cellar or basemenl under the 
structure, the foundation trench may have to he excavated to a depth 
of (! feet, sometimes more. 

When firm soil is not found at the depth considered accessary to meel 
other conditions, excavating should be continued until good firm soil is 
reached, or a wider footing used to distribute the load over a greater area. 
Sometimes the weight of a structure to be carried is such thai to, economy 




Figure 2, An illustration of the method commonly used to lay out foundation lines and to 
square building corners. 



of concrete in the foundation walls it is advisable to starl the foundation 
with such a footing, which is a layer of concrete varying in width and 
thickness in accordance with the load to he carried and providing foi 
distributing the load over a greater area of soil. 

For barn walls, a footing 2 feet wide and 1 foot thick is generally suf- 
ficient. For residences of average size, L 8 inches wide and 1 foot thick 
will probably he sufficient under most conditions, while footings 12 Inches 
wide and S inches thick will serve for small farm buildings sucb as hog 
and poultry houses. 

Wall thickness is governed largely by tin' type of building. Walls 

LSI inches thick for basemenl harris are usually -ate. For the a 1 
residence and low barn, 10 inches will probably he sufficient. Small 
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structures such as poultry houses, hog houses, garages and similar build- 
ings usually require walls varying from 6 to 8 inches thick. 

Heavy walls below ground that are to serve as a foundation only, that 
is, which are not intended to enclose a basement or cellar, should be built 
of a concrete mixed in the proportions 1 : 2J/2 : 5. (A 1 : ^2 ] _> ; 5 mixture 
means 1 sack of Portland cement to %}/> cubic feet of clean, well-graded 
sand, to 5 cubic feet of well-graded pebbles or broken -tone.) Very 
massive foundations and footings may be of a 1:3:6 mixture; but if 
the foundation wall must be of watertight construct ion, then a 1 : 2} _> : 4 
mixture is necessary, this being sufficient to secure watertightness against 




Figure 3. This view illustrates the actual performance of the work sugiieMed in Figure I. 



ordinary ground water where there is no direcl pressure or head of water. 

It" then is such water pressure, as in machinery pits that must be Mink 

isiderabl< depth, sometimes below the normal level of -round water, 

then a 1 :2 : 3 mixture is necessary t<» afford the desired resistance to the 

■ i water. 

Where .1 foundation is to serve as the enclosing wall of a basement 
or cellar, naturally the foundation must be carried down far enough to 
give the necessary head room or height to the cellar. 

^s nearly all buildings are of rectangular form, laying out a foundation 
is a relatively simple matter. First, the desired location of the building 
as relates i<» some nearby structure or as regards general convenience 
is determined, and the location of one comer marked by a stake as at 
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A in Figure 2, with a small nail partly driven in the top of the stake to 
mark its center. Another stake should be driven at F, so that the center 
of its top will he exactly (> feet from the center of stake A. Stake E 
should he driven so that its center is exactly 8 feet from the center of 
stake A. Stake E may then he moved to the right or left, as necessary, 
to make the distance between the nails in stakes K and F exactly 10 feet. 
This will mean that the corner represented by the stakes E A F is "square," 
or a right angle. Other corners are located in a similar manner. After 
this has been done, strings should be stretched from the corner stakes 
A, B, C and D (in Figure 2, the stakes C and 1) have been removed on 
account of the partly excavated trench), and the lines indicated by these 
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Figure 4 Simple form for foundations for small buildings, such as might have been used in 
constructing the foundation shown in Figure 1. No forms are necessary below ground when the 

earth is self-sustaining. 

strings carried to outside stakes, or standards, indicated by G, H, K. 
L, M, X. P and R, two strings being used and placed a distance apart 
equal to the width of the trench to be excavated. A plumb bob sus- 
pended from a string can then be used to transfer the building lines from 
the strings to the ground as shown in the drawing. When the outside 
stakes <;'. II. k, L, etc., have been placed and the strings indicating the 
lavout of the building transferred to them, the corner stakes A, B. ( , 1) 
and the intermediate stakes E and F are removed, so that the trench 
may he excavated. Figure 3 illustrates clearly how the corner is tested 
for squareness as previously described. After having made the layout 
as shown in Figure ^>, it is very easy, while strings are in place, to locate 
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intermediate supports such as foundation piers, which may be necessary 
inside of the main excavation to support columns or posts of the proposed 
building. 

When the soil is firm, so that the walls of the trench arc self-sustaining, 

it i- sometimes not necessary to use forms for that portion of a foundation 
wall below ground. All that is necessary is to carefully excavate the 
trench with true vertical sides, then to lay boards or planks along and across 
the trench so that workmen, when placing and spading concrete, will not 
knock down earth from the trench -ides into the concrete. 
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;„,.'„ , '' ' ,| 1 " ""■■": •' '"•';"<■!' «;«i..mm ii,,.,,.,.. rf forms is shown 
n I igure . Aftei the trench has been filled to ground level, the concrete 
£ earned higher to form the reniainder of the foundation o to l,m I I ■ 
walls for the structure, by building and setting in place forms such as 
shown .,, tin. dlustration. In constructing forms it is always I I toavoW 
using more nails than necessary so thai when the forms hTvetobe tolren 
down, they can be removed with the leaai »m n „ n i , » i , 
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and also to avoid unnecessary injury to form lumber, which can be put 
to other use if desired or be made to serve a number of times for concrete 
forms. 

Forms should he set so that the sides arc truly vertical. This will 
make opposite form faces parallel. They may be held the correct distance 
apart by clamping them against spacers, with wire ties or wood clamps, 
as shown at the cut-away portion of the form sheathing in Figure 4 and at 
the tops of form studs in the same illustration. 

Sometimes it is desired to give a foundation greater resistance to side 
pressure or perhaps to provide a firmer base, n> in retaining walls. Then 
the tonus are se1 so that one face of the wall will have a batter or slope. 
This can be accomplished by using a short spacer between the forms 
at the top and a longer one between forms at the bottom. Care should 
be taken not to build walls too light, that is, lacking the strength necessary. 
Retaining walls often require careful design. The Portland Cement 
Association will be glad to advise with you on any such problems. 

In Figure 5 there is shown the form construction usually employed 
when a wall is to enclose a basement or cellar and the earth is sufficiently 
firm and self-sustaining to make an outside form unnecessary. 

Form studs for mosl small work should be 2 by -Ts spaced not farther 
than 2 feet apart, in which case 1-inch boards will do for form sheathing. 
Additional details of foundation form construction arc shewn in Figure 5, 
where a footing is provided at the bottom of the trench, so that the load of 
the foundation wall may he distributed over a larger area of soil. This 
footing- can be buill without planning the forms especially for the purpose, 
by simply blocking the wall forms up from the bottom of the footing trench 
as shown, and allowing the concrete to spread; but this does uo1 mean 
that a concrete so wet as to "flow" is used. Be careful not to use more 
water than will produce a "quaky" mixture 

Figure 6 shows a double form indicating how forms should be con- 
structed in case both inner and outer ones are necessary because of the 
soil not being self-sustaining. Braces should be strong enough to hold 
the forms rigidly against bulging or spreading. Usually 2 by l's will 
be found suited to most needs. 

At the top of the form in Figure 6 there is shown an anchor boll sup- 
ported by a block laid across the forms. This illustrates the method by 
which bolts are embedded in foundations for the purpose of anchoring 
the sills of a frame structure. The right-hand portion of Figure (i illus- 
trates a section of the form tilled with concrete and the anchor bolt set 

in place. . t< „ 

When placingconcretefor foundations, aproperly proportioned, quaky 
mixture, such as would be used to secure watertight construction, should 
be thoroughly spaded next to form faces and between them so as to secure 
the greatest possible density and compactness. If a mixture containing 
less water than would produce a quaky concrete is being placed the 
concrete i> tamped in the forms or foundation trench by using a wood block 
to which a handle is attached. 

No material is better suited to foundations for gas engines, cream 
separators and similar machines than concrete. The depth to which 
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engine or machine to be set. Before placing any concrete the bolts are 
suspended from the template, head downward, with a washer passed 
over them to provide additional anchorage in the concrete. Sometimes 
pipe sleeves are passed over the bolts also, this being for the purpose of 
allowing a little movement of the bolt later if necessary to make them 
match up in position with the holes in the engine or machine base. After 
the threaded end of the bolts has been passed through the template, 
nuts are attached as shown, to hold the bolts suspended from the template. 
The threaded end should project above the template a distance sufficient 
to make certain that bolts will extend well through the engine base casting 
so as to expose enough of the threaded portion to receive the nuts that are 




Figure 8. Forms like those illustrated in Figure 7, in actual use. 



to hold the engine in place. Boll ends which project above the template 
should be covered while placing concrete, to prevenl filling the thread-. 
In placing the first concrete, care should be taken not to push the 
bolts to "i" side so as to prevent them from hanging as nearly vertical 
Ifter the form has been filled and the concrete has partly 
hardened, which will require 15 minutes or more under average con- 
ditions, the template may be removed and the foundation top finished 
to a true level surface; this applies when the bolts have Keen set in position 
withoul using a pipe sleeve. Or, the template may be blocked up slightly 
so that the finishing can be done underneath it without disturbing the 
relat i\ e positions of t he bolts. 
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wall a short distance above ground, which is readily done by simple forms 
such as shown in P'igures 4 and 11. These can either be built in sections and 
then set in position or built in place, depending somewhat upon the nature 
ot the work. If the inner and outer parts of the form are built separately 
or infections, they may be leveled carefully and plumbed as units, while 
if built in position care must be taken to carefully set, plumb and brace 
the studs and to be careful when nailing on the sheathing not to knock 
the forms out of plumb. 
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Concrete blocks are sometimes used tor foundation construction and 
are satefactory ,t u,]| ,„;„!,, and laid in rich Portland cement mortar 

It water leaks through foundation walls, it is usually because of porous 
concrete, that is a concrete thai has nol been properly „r„,„,rl , 
I ;ur sjpacesu, the sand and pebbles nor placed J it should I, , 

'-;-' »"- * accomplished by Stricter ZS+XS&SEZ 

'" ,Mn """"- '"■ " ^tructing the wall, to apply to the oSdTsurfaS 
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several coats of thick hot tar mopped on with a swab or brush. Tt is, 
however, >till more important that the cellar floor he of well proportioned. 
dense concrete, and that where it joins the foundation wall there be a 
perfectly sealed tar joint; also that 
if the floor is laid in slabs, thai the 
joints between adjacent slabs be 
well sealed with hot tar. 

Some soils hold water longer 
than others and it is well where 
possible to arrange for a drain out- 
let at some point lower than the 
bottom of the foundation, to lay a 
tile drain around and a few inches 
below the foundation to collect soil 
water and lead it away from the 
foundation wall. 

It is seldom necessary to rein- 




force concrete foundations unless 
they are to be subjected to e 
sive side pressure, vibration, or 
other unusual strains. Sometimes 
reinforcing is used in long founda- 
tion walls extending some distance 
above ground, to counteract the 
expansion and contraction due to 
temperature changes. 

The top of the concrete in 
foundation wall form- should Im- 
properly leveled after the forms 
have been filled. One method by 
which a frame superstructure □ 
be fastened to a concrete foundation without using a wooden sill is to ei 
iron straps in the concrete when placing it, permitting them to project iroin 
K to H inehe> beyond the top surface of the foundation so that when the 



Figure 12. The finished work accomplished 
by using forms similar to those illustrated in 
Figures 4 and 11. Notice that anchor bolts have 
been set in the foundation for the purpose of se- 
curing sills. 
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btriktmg studs are placed the straps will extend up two sides of the studs, 
which are then held in place by bolting or nailing the straps to them. 

Another and perhaps better method is the one shown in Figures (> and 12, 
that is, fixing a holt in the concrete when the last 6 inches or more is placed 
in the forms. A sill can easily he attached by boring holes in it to cor- 
respond to the position of the bolts, the holt end- passed through these holes 
and a nut applied on top of the sills. Another method is to attach a cast 
iron socket to the top of the concrete foundation by means of bolts em- 
bedded in it and to set the studs in these sockets, fastening the stud, with 
nails or bolts. Several types of such stud anchors are now on the market. 

Frequently field stones from 4 to 6 inches in diameter may be used in 
a foundation trench when constructing concrete foundations, and if used, 
they should be distributed about in the foundation trench after a layer of 
concrete has been placed, the field stones being laid so that no two are in 
contacl and separated sufficiently to permit thoroughly surrounding them 
with concrete. Field stones used in the manner described should be 
clean, and wet before laid in the trench. 

The following table, with examples illustrating its use, will be found 
convenient in estimating quantities of materials required for various 
volumes of concrete. 



QUANTITIES of PORTLAND CEMENT, SAM) AND GRAVEL 
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CONCRETE 10 INCHES THICK, EQUAL 

TO 3.08 CUBIC YARDS 
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the wotk u done, a* a cheek to prove thai the required quantity of cement has been used 
Actual quantity of materials used m the concrete should not 
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This tabic can readily be used for any concrete structures which can 
be measured in area and which are of uniform thickness over any con- 
siderable area such as walls, floors and walks. 

The following examples illustrate the use of the table: 
EXAMPLE 1. Required the quantity of materials for a 12-inch 
thick basement wall, (> feel 5 inches high above footing", for a house 25 feel 
by 40 feet outside dimensions. The footing 1 foot (> inches wide and 6 
inches thick. Concrete proportioned 1 : ,'J : 5. 

WALL: 

Length of wall 25 + 25 + 39+39 = 128 ft. 
Height of wall 6 ft. 5 in. = 6^=6.417 ft. 
Area of wall = 128X6.417 = 821.4 sq. ft. 
Thickness of wall = 12 in. 

Quantities of materials for wall concrete: 
Factor for multiplying units in 

table =^iii X — = 8.214X1.2 = 9.8568; 
100 *10 

'lake 9.86 
Sacks of cement = 14.2 X 9.86 = 140.0 
Cu. yd. of sand = 1 . 58X 9.86 = 15.6 
Cu. yd. of gravel or crushed stone = 2.64X9.86 = 26.0 

FOOTING: 

Length of footing = 25.5+25.5+37.5+37.5 = 126 ft. 
Width of footing- 1 ft. 6 in. = l^=1.5 ft. 
Area of footing =126X1.5 = 189 ft. 
Thickness of footing = 6' in. 

Quantities of materials for footing: 

Factor for multiplying units in the 

table = — X— = 1.89X.6 = 1.134= LIS 
100 10 

Sacks of cement = 14.2X1. 13 = 16.0 

Cu. vd. of sand = 1.58X1.13 = 1.8 

Cu. yd. of gravel or stone = 2.64X 1.13 = 3.0 

Total quantities of materials: 

Sacks of cement = 140+16= 156.0 

Cu. yd. of sand = 15.6+ 1.8 =17.4 or L7.5 

Cu. yd. of gravel = 26.0+3 = 29.0 

EXAMPLE 2. Required the quantities for a concrete floor tor a 
basement. Interior dimensions of the basement 23 feel by 38 feet. 
Floor 5 inches thick over all, with 4-inch base of concrete proportioned 
1 :2 r 2 : 5, and 1-inch wearing course composed of cement mortar pro- 
portioned 1:2. 

Area of floor = 23 X 38 = 874 sq. ft. 

Factor for multiplying quantities in table for 

base H li x A = H.74X.4 = :S..) 
100 10 
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